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Abstract : A general overview of different electronic and vihronic interactions m (he mixed valence dimeric compounds is presented They are 
isotropic exchange interaction, double exchange and vibronic coupling (PKS and Picpho modes) The influence of these interactions on the properties 
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1. In tro d u c tio n
M ixed-valence (M V ) tra n s it io n  m e ta l c lu s te rs  a re  o f  g re a t in te re s t 
because o f  th e ir  u n u s u a l s p e c tra l  a n d  m a g n e t ic  p ro p e r tie s  an d  
ihc p o s s ib i l i t y  to  u s e  th e s e  p r o p e r t i e s  f o r  s t u d y in g  th e  
itU ram olecu lar e le c tro n  tr a n s fe r  p ro c e s s  in  m a n y  b io lo g ic a l ly  
im portant c o m p o u n d s  [1 ,2 ] . F o r  in s ta n c e ,  v a le n c e  d e lo c a liz e d  
p a ir s  w h e re  iro n  is  in  th e  fo rm a l o x id a tio n  s ta te  +  2 .5  
were fo u n d  in  a  v a r ie ty  o f  i r o n - s u l fu r  c lu s te r s  in  fe r re d o x in s . 
B ecause o f  th is , a  g r o w in g  in te re s t  in  th e  c h a ra c te r iz a t io n , th e  
m o d e llin g  a s  w e ll  a s  in  th e  th e o r e t i c a l  d e s c r ip t io n  o f  su c h  
com pounds e x is ts  [3 -6 ].
M V  d i m e r s  a r e  v e r y  c o n v e n i e n t  s y s t e m s  f o r  b e t t e r  
u n d e rs tan d in g  o f  th e  e le c tro n  d e lo c a l iz a t io n  p ro c e s s  b e c a u se  
of ihc p o s s ib i l i ty  to  ta k e  in to  a c c o u n t  a ll r e le v a n t  in te ra c t io n s . 
In this p a p e r  w e  b r ie f ly  d is c u s s  s o m e  o f  th e s e  in te ra c t io n s  a n d  
ibeir in f lu e n c e  o n  th e  p ro p e r t ie s  o f  th e  d im e r ic  M V  c o m p o u n d s .
2 . T h e o re t ic a l  b a c k g r o u n d
Double exchange :
The c o n c e p tio n  o f  d o u b le  e x c h a n g e  w a s  s u g g e s te d  by  Z e n e r
17] for e x p la n a tio n  o f  th e  fe r ro m a g n e t is m  o b s e rv e d  in  so m e  M V  
fh a n g a n ite s  o f  p e r o v s k i te  s t r u c tu r e .  T h e  d o u b le  e x c h a n g e  
In teraction  in v o lv e s  th e  c o u p l in g  o f  tw o  lo c a l iz e d  m a g n e tic  
m om ents th r o u g h  th e  m ig ra t io n  o f  th e  i t in e ra n t  e x tr a  e le c tro n . 
A ccord ing  to  th e  H u n d  ru le ,  a  h ig h  sp in  c o n f ig u ra t io n  o n  e a c h
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sp in  c o re  is m o re  p re fe ra b le  f ro m  th e  e n e rg e tic  p o in t o f  v iew . 
T h e  p ro c e s s  o f  m ig ra t io n  d o c s  n o t c h a n g e  th e  o r ie n ta t io n  o f  the  
e x tra  e le c tro n . S o  th e  tr a n s fe r  p ro c e s s  is  sp in  d e p e n d e n t an d  
m u c h  m o re  e f f ic ie n t in  th e  c a s e  w h e n  sp in s  o f  in te ra c t in g  io n s  
a re  p a ra lle l. D o u b le  e x c h a n g e  re s u lts  in a  s tro n g  sp in  p o la riza tio n  
e f fe c t w h ic h  fa v o u rs  a  fe r ro m a g n e t ic  sp in  a lig n m e n t. A  g e n e ra l 
so lu tio n  o f  th e  d o u b le  e x c h a n g e  p ro b le m  fo r  M V  d im e rs  w as 
su g g e s te d  by  A n d e rso n  a n d  H a s e g a w a  [ 8 j. T h e  e x p re s s io n  fo r 
th e  d o u b le  e x c h a n g e  sp lit t in g  o f  a M V  d im e r  h a s  th e  fo llo w in g  
f o r m :
£ ( 5 )  =  ± r
5 + 1 / 2
2 5 , , - H (1)
w h e re  t is  th e  e le c tro n  t r a n s fe r  in te g ra l ,  Sj, m e a n s  th e  sp in  o f  
e a c h  in te ra c t in g  io n s  w ith o u t e x tr a  e le c tro n  (sp in  c o re )  a n d  S is 
th e  to ta l sp in  o f  th e  sy s te m . W e p re f e r  to  u se  e q .(  1) in a n o th e r  
fo rn i:
£ ( 5 )  =  ± B ( 5  +  l / 2 ) , (2)
w h e re  B = t /  (2Sq -t-1) is  th e  d o u b le  e x c h a n g e  p a ra m e te r  fo r  th e  
r e g a rd e d  c o m p le x . O n e  c a n  s e e  th a t th e  e n e rg y  s p lit t in g  d u e  to  
th e  d o u b le  e x c h a n g e  in te ra c t io n  is  l in e a r  in  S  a n d  m a x im a l fo r  
th e  m a x im a l v a lu e  o f  th e  to ta l s p in  o f  th e  sy s te m . S tro n g  d o u b le  
e x c h a n g e  in  th e  d im e r i c  c o m p le x e s  a lw a y s  r e s u l t s  in  th e  
f e r ro m a g n e tic  g ro u n d  s ta te  in d e p e n d e n tly  o f  th e  s ig n  o f  th e  
d o u b le  e x c h a n g e  p a r a m e te r  a n d  th e  s ig n  o f  th e  is o t r o p ic  
e x c h a n g e  in te ra c t io n . T h is  s i tu a t io n  is  s h o w n  in  F ig u re  1 w h e re
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th e  e n e rg y  le v e ls  o f  th e  d^  - ( f  M V  d im e r  a rc  p re s e n te d  in  th e  
c a se  o f  a n ti fe r ro m a g n c t ic  is o tro p ic  e x c h a n g e  a n d  s tro n g  d o u b le  
e x c h a n g e  in te ra c t io n .
S * 3 /2
S«l/2
S -l/2
S -3 /2
isotropic
exchange
isotropic double
exchange
F igu re
exchange
Energy lev e ls  o f  the d e lo ca li/ed  d' -  (P M V dimer.
Vibronic interactions : PKS model:
7 ’h c  m o v in g  e le c tro n  s t ro n g ly  p e r tu rb s  th e  l ig a n d  e n v ir o n m e n t 
so  th e  v ib ro n ic  c o u p lin g  p la y s  a  c o n s id e ra b le  ro le  in  M V  sy s te m s  
a lo n g  w ith  is o tro p ic  a n d  d o u b le  e x c h a n g e  in te ra c t io n s .  T h e  
b a c k g ro u n d  fo r  th e  c o n s id e ra t io n  o f  th e  v ib ro n ic  e f f e c ts  in  th is  
k in d  o f  s y s te m s  w a s  s u g g e s te d  by  P ie p h o , K ra u sz  a n d  S c h a tz  
a n d  b e c a m e  w e ll-k n o w n  as  th e  P K S  m o d e l [ 9 - 1 1 ]. I t is  a s s u m e d  
th a t th e  s u b u n i ts  h a v e  th e  s a m e  p o in t  g ro u p  sy m m e try  in  b o th  
o x id a tio n  s ta te s  (w ith  a n d  w ith o u t e x tr a  e le c tro n ) , so  o n ly  to ta lly  
sy m m e tr ic  n o rm a l c o o rd in a te s  a n d  q^ a s s o c ia te d  w ith  e a c h  
s u b u n i t  a re  re g a rd e d . T h e  n e w  c o lle c t iv e  c o o rd in a te s  a rc  th en  
e x p re s s e d  a s  ;
9±  =  ; ^ ( 9 > t ± 9 « ) - (3)
ig) *  -JS(S  + 1 )  +  *>}* /  2  ± [ ( B ( S  + 1  /  2 ))*  +  , (4)
w h e re  (o is th e  f r e q u e n c y  o f  P K S  o u t- o f -p h a s e  m o d e , v is  th e  
v ib ro n ic  c o u p l in g  p a ra m e te r .  D e p e n d in g  o n  th e  r e la t io n s h ip
b e tw e e n  d o u b le  e x c h a n g e  p a ra m e te r  a n d  v ib ro n ic  c o u p lin g  with 
th e  P K S  o u t- o f -p h a s e  m o d e  th e re  a re  th re e  d if f e re n t  ty p e  o f  the
N
T h e  " i n - p h a s e "  q^ m o d e  d e c r e a s e s  a n d  in c r e a s e s  th e  
p o te n t ia l  e n e rg y  o f  b o th  s u b u n i ts  a t  th e  s a m e  tim e . S o  it d o e s  
n o t a f fe c t th e  e x tr a  e le c tro n  m ig ra t io n  a n d  c a n  b e  e x c lu d e d  fro m  
th e  c o n s id e ra t io n . O n  th e  c o n tr a ry , th e  " o u t-o f -p h a s e "  q^ m o d e  
is  r e le v a n t  to  th e  e le c tro n  tr a n s fe r  p ro c e s s . D e p e n d in g  o n  th e  
s ig n  o f  , th e  n u c le a r  d is p la c e m e n ts  s t im u la te  th e  lo c a tio n  o f  
th e  e x tr a  e le c tro n  o n  o n e  o f  th e  io n s  (A o r  B). T h e  o p p o s i te  s ig n  
o f  m o d e  p ro m o te s  th e  lo c a tio n  o f  th e  e x tr a  e le c tro n  o n  a n o th e r  
s u b u n i t .  V ib r a t i o n a l  c o o r d i n a t e  q ^ ^ q  f o r  tw o  c o u p le d  
o c ta h e d ra l c e n tr e s  is  s h o w n  in  F ig u r e  2 .
T h e  a d ia b a tic  p o te n t ia l s  re la t in g  to  a  g iv e n  fu ll s p in  S o f  th e  
s y s te m  h a v e  th e  f o l lo w in g  f o r m :
N~ 
N ‘
, N
-N N-
N"
1
B*
.N
-N q > 0
N -
N"
A -  “
.N 
- N N"
N'
I ^ . N
B — N q - 0
,N
N
N----^ ----- N N---------- B -----------N q < 0
1I N
N
F ig u re  2 . V ibrational coord inate q for tw o  cou p led  octahedral centres
a d ia b a t ic  c u r v e s  (F ig u r e  3 ) . W h e n  th e  d o u b le  e x c h a n g e  is 
n e g l i g ib l y  s m a l l  c o m p a r e d  w i th  th e  v ib r o n ic  in tc ra c i io n  
(B (S - I - 1 / 2 ) «  th e  p o te n t ia l  c u rv e  f / f  h a s  tw o  well
s e p a ra te d  m in im a  (F ig u re  3 a ). T h e  w a v e  fu n c t io n s  in these
Figure 3. Potential energy curves for a mixed valence dimers with
diamagnetic cores : (a) class 1, (b) class II and (c) class 111 systems.
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inininia c o rre s p o n d  to  a  lo c a l iz a t io n  o f  th e  e x tr a  e le c tro n  o n  o n e  
ot the su b u n its . T h e  s y s te m  is  fu l ly  lo c a l iz e d  (c la s s  I in  R o b in  
and D ay c la s s i f ic a t io n  s c h e m e ) .  W ith  th e  in c r e a s in g  o f  th e  
double e x c h a n g e  in te r a c t io n  th e  b a r r ie r  b e tw e e n  th e s e  m in im a  
hecom es lo w e r .  In  th e  c a s e  w h e n  + 1 / 2 ) <  / r o  th e  
electron t r a n s fe r  p ro c e s s  is  p o s s ib le  b u t r e q u ir e s  a n  a c t iv a tio n  
energy. T h is  s i tu a t io n  is  s h o w n  in  F ig u r e  3 b  a n d  c o r r e s p o n d s  to  
die class II in  R o b in  a n d  D a y  s c h e m e . A n d  fin a lly , in  th e  c a se  o f  
weak v ib ro n ic  in te ra c t io n  ( o r  s t ro n g  d o u b le  e x c h a n g e )  w h e n
Hi^ S + \ l 2)>v^  / (O th e  p o te n t ia l  c u rv e  v l  h a s  o n e  m in im u m  
It the p o s itio n  ^  =  0  a n d  th e  e x tr a  e le c tro n  is  fu l ly  d e lo c a liz e d  
(class III sy s te m ) . S o  th e  P K S  in te ra c t io n  p ro d u c e s  a  lo c a liz a tio n  
effect. It s h o u ld  b e  m e n t io n e d  th a t  th is  k in d  o f  in te ra c t io n  is  
independent o f  th e  to ta l  s p in  o f  th e  s y s te m  w h e re a s  th e  v a lu e  
oj the d o u b le  e x c h a n g e  in te ra c t io n  d e c re a s e s  w ith  th e  to ta l sp in  
ilcL rca.sing. T h e  s m a l le r  th e  v a lu e  o f  th e  to ta l  sp in  o f  th e  s y s te m  
(he m ore lo c a liz e d  th e  i t in e r a n t  e x tr a  e le c t io n  is.
Vihronic interactions : Piepho type o f vibrations :
The PK S m o d e l is  n o t th e  o n ly  p o s s ib i l i ty  to  ta k e  in to  a c c o u n t 
vibionic in te ra c t io n s  in  M V  sy s te m s . P ie p h o  f 12, 13] s u g g e s te d  
i  new v ib ro n ic  c o u p l in g  m o d e l fo r  th e s e  ty p e  o f  c o m p o u n d s . 
Piepho ty p e  o f  v ib r a t io n s  c h a n g e  th e  m e ta l- m e ta l  d is ta n c e s  an d  
icsult thus in  th e  n u x lu la t io n  o f  th e  v a lu e  o f  th e  tr a n s fe r  in te g ra l. 
One can e x p a n d  th e  d o u b le  e x c h a n g e  p a ra m e te r  in  th e  T a y lo r  
series and  o b ta in  in  th e  f i r s t  a p p ro x im a t io n  :
B (r)^B (r^)^ dB
d r  j Q. (5)
In  t h e  c a s e  o f  s t r o n g  P K S  c o u p l i n g  
/  a> >  (.S + 1  /  2 )^ /  , th e  b e h a v io u r  o f  th e  sy s te m  as w e ll
a s  th e  s h a p e  o f  th e  a d ia b a tic  s u r fa c e s  d e p e n d  o n  th e  v a lu e  o f  
th e  d o u b le  e x c h a n g e  p a ra m e te r . C o m p a ra t iv e ly , w e a k  d o u b le
e x c h a n g e  ( ^ ( 5  + 1  /  2 ) <  /  w  -  A" ( 5  + 1 /  2 )^ /  f l )  co rre sp o n d s
to  th e  a d ia b a tic  p o te n tia l  u t  'v ilh  tw o  e q u iv a le n t m in im a  in  q Q - 
p la n e  (F ig u re  4 ). T h e s e  m in im a  a rc  sy m m e tr ic  in  th e  q -s u b sp a c c  
a n d  s h if te d  a lo n g  Q  a x is  in  th e  n e g a tiv e  d ir e c tio n . T h e  e x tra  
e le c tro n  in  the.se m in im a  is p a r t ia l ly  lo c a liz e d  a n d  th e  d e g re e  o f  
lo c a l i z a t io n  d e p e n d s  o n  th e  r e l a t i o n s h ip  b e tw e e n  th e  k e y  
p a ra m e te r s . W ith  th e  in c re a se  o f  th e  d o u b le  e x c h a n g e , th e se  
t ^ o  m in im a  m o v e  to w a rd  th e  Q  a x is , th e  b a r r ie r  b e tw e e n  th e m  
hfecom ing  lo w e r  (F ig u re  4 ). T h e  e x tr a  e le c tro n  b e c o m e s  m o re  
a p d  m o r e  d e lo c a l i z e d .  U n d e r  th e  c o n d i t io n  B(S + M2) -
4^ ! CO- ! 2 y  / 1 2 » d ie  m in im a  a rc  tra n s fo rm e d  in to  o n e
m in im u m  in  w h ic h  th e  e x tr a  e le c tro n  is fu lly  d e lo c a liz e d . S o  in 
th e  c a se  o f  s tro n g  P K S  c o u p lin g  d e p e n d in g  on  th e  m a g n itu d e  
o f  th e  d o u b le  e x c h a n g e , M V  d im e r  c a n  b e lo n g  to  c la s s  1 ,11 o r  III 
in  R o b in  a n d  D a y  c la s s if ic a t io n  s c h e m e .
where r  is th e  m e ta l-m e ta l d is ta n c e , is  th e  m e ta l-m e ta l d is ta n c e  
loi the sy s te m  w ith o u t  th e  i t in e r a n t  e x tr a  e le c t ro n ,  Q is th e  
V ihrational c o o rd in a te  in  th e  P ie p h o  m o d e l .  A q =  -{d  BI dr )r  
“ /(, ib e  v ib ro n ic  c o u p l in g  p a r a m e te r  w ith  th e  P -v ib ra t io n s .  It 
should be m e n tio n e d  th a t th e  e f fe c tiv e  (m u lt ic lc c tro n )  P -c o u p lin g  
p a ra m e te r  A (5 ) =  A q ( 5 + I  /  2 ) p o s s e s s e s  t h e  s a m e  s p i n  
dependence a s  th e  d o u b le  e x c h a n g e .
The p ro b le m  o f  lo c a liz a t io n -d e lo c a liz a t io n  in  th e  d im e ric  M V  
dusters in  th e  p re s e n c e  o f  b o th  ty p e  o f  v ib r a t io n s  (P K S  a n d  
i’lepho) w as s tu d ie d  in  R e f. 1141. In  th e  f ra m e w o rk  o f  sem ic la ss ica l 
^'diabatic a p p ro a c h , th e  p o te n t ia l  s u r f a c e s  w e re  a n a ly s e d . T h e  
adiabatic p o te n t ia ls  r e la t in g  to  a  g iv e n  fu ll sp in  S o f  th e  s y s te m  
liuvc the fo l lo w in g  f o r m :
(9. Q) = -VS(5 + l) + (Qjq^ + £2Q^ ) / 2 ±
[ ( B ( 5 + 1 /  2 )  -  A o (5  + 1  /  2 )Q f + - (6 )
"'here Q is the frequency of Piepho type of vibrations.
impending on the relationship between the key parameters 
of the dimeric MV system several qualitatively different types 
“f the adiabatic surfaces were found.
q (PKS)
Figure 4, The contour plot of the lower .sheet U^iq,Q) for a mixed 
valence dimer. Case of strong PKS coupling (arrows show the displacements 
of the minima position with the double exchange increasing).
C a s e  o f  s tro n g  P ie p h o  c o u p lin g  ! 0)< A ^ (S +  1 /  2 )"  /  12) :
A s it w a s  s h o w n  in  R e f. [1 4 ] , u n d e r  th is  c o n d it io n , th e  sy s te m  is 
fu lly  d e lo c a liz e d  in d e p e n d e n tly  o f  th e  re la tiv e  v a lu e s  o f  th e  
d o u b le  e x c h a n g e  a n d  P K S  c o u p lin g . T h e  M V  d im e r  b e lo n g s  to  
c la s s  III e v e n  p ro v id in g  sm a ll m a g n itu d e  o f  th e  d o u b le  ex c h a n g e . 
T h e  m o l e c u la r  v ib r a t i o n s  e f f e c t i v e ly  e n h a n c e  th e  d o u b le  
e x c h a n g e  g iv in g  r is e  to  a  s t ro n g  fe r ro m a g n e t ic  c o n tr ib u tio n .
vibrational coordinate Q
Figure 5. Scheme of the intervalence absorptions (vertical section of the 
adiabatic surfaces along the Q-axi$).
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T h e  c o r r e la t io n  b e tw e e n  th e  d e g re e  o f  d e lo c a liz a t io n  a n d  
p a ra m e te r s  o f  in tc rv a le n c e  a b s o rp tio n  b a n d  in  th e  p re s e n c e  o f  
b o th  ty p e  o f  v ib r a t io n s  d if f e r s  f ro m  th a t  fo r  P K S  m o d e l. In  th e  
p u re  P K S  m o d e l  th e  s y s te m  o f  c la s s  I I I  e x h ib i ts  s t ro n g  n a rro w  
in tc rv a le n c e  b a n d  a n d  a s  a  c o n s e q u e n c e  th e  o p tic a l p ro p e r t ie s  
o f  so m e  re a l c o m p o u n d s  c a n n o t b e  e x p la in e d  in  th e  f r a m e w o rk  
o f  th is  m o d e l .  In  c a s e  o f  ta k in g  in to  a c c o u n t  b o th  ty p e  o f  
v ib ra tio n s  th e  fu l ly  d e lo c a liz e d  s y s te m  c a n  e x h ib i t  s tro n g  b ro a d  
in te rv a le n c e  b a n d  i f  P ie p h o  c o u p lin g  is  d o m in a n t. T h e  b ro a d  
b a n d  ari.scs f ro m  th e  tr a n s it io n s  b e tw e e n  fu lly  d e lo c a liz e d  s ta te s  
( F ig u r e s ) .
3. Data analysis
T o th e  b e s t o f  o u r  k n o w le d g e , th e re  e x is t  o n ly  a fe w  e x a m p le s  o f  
c la s s  I I I  v a le n c e  d e lo c a l iz e d  d in u c lc a r  iro n  c o m p le x e s .  D u r in g  
p a s t  y e a r s ,  w e  r e p o r t e d  t h e o r e t i c a l  a n d  e x p e r i m e n t a l
in v e s tig a tio n s  o f  [ ( / i  -  OAc)2 ) iro n  d im e r  [1 5 -1 8 ]. 
T h e  M d s s b a u e r  sp e c tru m  o f  th is  c o m p o u n d  sh o w s  e x tra  e le c tro n  
d e lo c a l iz a t io n  in  th e  w h o le  te m p e r a tu r e  ra n g e . T h e  o p tic a l  
a b s o r p tio n  s p e c t r a  w e re  r e c o r d e d  in  th e  te m p e ra tu re  ra n g e  85  ~  
3 0 0  K . A  s t ro n g  b ro a d  in tc rv a le n c e  b a n d  w a s  fo u n d  a t a b o u t  
8 8 0 0  c m “ ‘. M a g n e tic  m e a s u re m e n ts  o f  th e  in v e s tig a te d  c o m p le x  
sh o w  a  fe r ro m a g n e t ic  g ro u n d  s la te  (S = 9 /2 ) . It is w e ll k n o w n  th a t 
in  th is  ty p e  o f  s y s te m s  th e  is o tro p ic  e x c h a n g e  in te ra c t io n  is 
a n ti f e r ro m a g n e t ic ,  s o  th e  p re s e n te d  m a g n e t ic  p ro p e r t ie s  a re  a  
re s u lt  o f  a  s t ro n g  d o u b le  e x c h a n g e  in te ra c t io n . F o r  d e ta i ls  o f  th e  
e x p e r im e n ts , w e  re fe r  to  R e fs . (1 5 .1 6 1 .
T h e  f i r s t  t h e o r e t i c a l  e x p l a n a t i o n  o f  t h e  o b s e r v e d  
e x p e r im e n ta l  b e h a v io u r  w a s  g iv e n  in  R e f . [1 5 ] w ith o u t  a n y  
v ib ro n ic  c o u p lin g . F ro m  th e  p o s i t io n  o f  th e  m a x im u m  o f  th e  
in te rv a le n c e  a b s o r p t io n  b a n d , th e  v a lu e  o f  th e  d o u b le  e x c h a n g e  
p a ra m e te r  w a s  fo u n d  to  b e  8 8 0  c m “ *. A t th is  g iv e n  v a lu e  o f  th e  
d o u b le  e x c h a n g e  th e  m a g n e tic  m e a s u re m e n ts  a llo w  us to  e s tim a te  
th e  m a g n itu d e  o f  th e  isoU*opic e x c h a n g e  p a ram e te r. S tro n g  d o u b le  
e x c h a n g e  re s u lts  in  fe r ro m a g n e t ic  g ro u n d  s ta te  an d  e v e n  a t ro o m  
te m p e ra tu re , th e  b e h a v io u r  o f  th e  c o m p le x  is  s till d e te rm in e d  by  
th is  g ro u n d  s ta te  o n ly .
A t th e  n e x t s ta g e  o f  th e  in v e s t ig a t io n , w e  in t ro d u c e d  th e  
c o n s id e ra t io n  o f  v ib ro n ic  c o u p lin g  w ith  P K S  o u t-o f-p h a s e  m o d e  
[ 17]. I t  w a s  sh o w n  th a t th e  b e h a v io u r  o f  th e  sy s te m  is d e te rm in e d  
b y  a  s t ro n g  c o m p e t i t io n  b e tw e e n  tw o  m a in  p ro c e s s e s  : d o u b le  
e x c h a n g e  in te ra c t io n  a n d  v ib r o n ic  in te ra c t io n  o f  P K S  ty p e . T h e  
fo rm e r  le a d s  to  d e lo c a liz a t io n  o f  th e  i t in e r a n t  e le c tro n  w h ile  th e  
la t te r  re p r e s e n ts  a  t r a p p in g  e f f e c t  th a t  te n d s  to  lo c a l iz e  th e  e x tr a  
e le c tro n . T h e  p o s i t io n  a n d  th e  s h a p e  o f  in te rv a le n c e  a b s o r p tio n  
b a n d  w e re  c a lc u la te d  u s in g  s t a n d a r d  q u a n tu m  m e c h a n ic a l  
m e th o d s . In  th e  p re s e n c e  o f  v ib r o n ic  c o u p lin g  w ith  th e  P K S  
o u t - o f “p h a s e  m o d e ,  th e  p o s i t i o n  o f  th e  m a x im u m  o f  th e  
in te rv a le n c e  a b s o r p tio n  b a n d  d o e s  n o t  c o r r e s p o n d  a n y m o r e  to  
th e  2(5^^ +  Vi) v a lu e s  o f  th e  d o u b le  e x c h a n g e  p a ra m e te r . T o  
e x p la in  th e  p h y s ic a l  p ro p e r t ie s  o f  th e  sy s te m , in  th is  c a s e  w e  
n e e d  a  s m a lle r  B -v a lu e . W e  o b ta in e d  B  ~  8 2 0  cm'^^ fo r  p re s e n te d
A s  m e n t io n e d  a b o v e , it is  im p o s s ib le  to  o b ta in e d  a broad 
in te rv a le n c e  b a n d  fo r  th e  fu l ly  d e lo c a liz e d  c o m p o u n d  <^CIass llji 
in  th e  f r a m e w o rk  o f  p u re  P K S  m o d e l . T h e  in v e s tig a tio n s  ol the 
re g a rd e d  c o m p le x  o n  th e  b a s is  o f  th e  g e n e ra l iz e d  v ib ro n ic  moclei 
a re  p re s e n te d  in  R e f . [1 8 ] . A  v e ry  g o o d  a g re e m e n t between 
e x p e rim e n ta l a b so rp tio n  b a n d  a n d  th e o re tic a l c u rv e  w as obtained 
a t th e  fo l lo w in g  se t o f  p a r a m e te r s : B =  2 6 0  cm ~^, O) =  31 0  c m '' 
V =  3 CO, =  125 cm*"*, A q =  1 2 . T h e  o b ta in e d  B -v a lu e  is the 
d o u b le  e x c h a n g e  p a r a m e te r  f o r  th e  s y s te m  w ith  m ctal-m ciui 
d is ta n c e  e q u a l to  th a t in  th e  c o m p le x  w ith o u t  e x tra  e lec tro n . 7  hc 
m o v in g  e le c tro n  c h a n g e s  th is  d is ta n c e  a n d  re a l (e f fe c tiv e ) double 
e x c h a n g e  p a ra m e te r  c a n  b e  c a lc u la te d  u s in g  eq . (5 ) . O n e  can sec 
th a t S =  9 /2  g ro u n d  s ta le  c o r r e s p o n d s  to  a  c a s e  o f  s tro n g  Picphu
c o u p l in g  /  cu <  A ^ (5  +  1 /  2 )^  /  . T h e  a d ia b a tic  surface
p o s s e s s e s  s in g le  m in im u m  in  w h ic h  th e  e x tr a  e le c tro n  is fulK 
d e lo c a liz e d . T h e  e f f e c t iv e  v a lu e  o f  d o u b le  e x c h a n g e  in this 
m in im u m  is 8 8 0  c m “*, th e  sam e  as th a t ob ta in ed  from  tlie maximum 
o f  th e  in t c r v a l e n c e  a b s o r p t io n  b a n d  a t  th e  f i r s t  M age ol 
in v e s t ig a t io n s  [1 5 ] . D e c re a s e  o f  th e  to ta l  sp in  v a lu e  lead s  to ilk 
r e d u c t io n  o f  th e  m a g n i tu d e  o f  d o u b le  e x c h a n g e  as  well a. 
v ib ro n ic  c o u p lin g  o f  P ie p h o  ty p e . T h e  S =  1 /2  s ta te  corresponds 
to  th e  c a s e  o f  s tro n g  P K S  c o u p lin g . T h e  a d ia b a tic  su rface  has 
tw o  d e e p  m in im a  in  w h ic h  th e  e x tr a  e le c tro n  is  lo c a liz e d . So the 
p o p u la t io n  o f  th e  e x c ite d  s p in  s ta te s  le a d s  to  lo c a liz a t io n  ol ihc 
i t in e r a n t  e x tr a  e le c t ro n .  B u t th e  c o m b in e d  e f f e c t  o f  douh!* 
e x c h a n g e  a n d  s tro n g  P ie p h o  v ib n u io n s  r e s u lts  in  fe rro m ag n c ik  
g ro u n d  s ta te  w e ll is o la te d  f ro m  th e  e x c ite d  o n e s . T lie  behaviou; 
o f  th e  c o m p le x  is d e te r m in e d  b y  th is  g ro u n d  s ta te  o n ly  and iIk 
s y s te m  is  fu l ly  d e lo c a l iz e d  in  th e  w h o le  te m p e ra tu re  ran g e .
4. Concluding remarks
A s  o n e  c a n  s e c  th e  m o s t  d e t a i l e d  d e s c r ip t i o n  o f  th e  MV 
c o m p o u n d  is p o s s ib le  o n ly  in  th e  f r a m e w o rk  o f  generalized 
v ib ro n ic  m o d e l w h ic h  ta k e s  in to  a c c o u n t b o th  ty p e  o f  vibrations 
It s h o u ld  b e  m e n t io n e d  th a t a l th o u g h  w e  h a v e  m a n y  parameters 
in  th e  p r e s e n t  m o d e l  ( d o u b le  e x c h a n g e ,  v ib r o n ic  coupling  
p a ra m e te r s  w ith  P K S  a n d  P ie p h o  v ib r a t io n s ) ,  a ll o f  th e m  can be 
m o re  o r  le s s  a c c u ra te ly  o b ta in e d  f ro m  th e  c o m p a r is o n  between 
th e  e x p e r im e n ta l a n d  th e o re tic a l d a ta  b e c a u s e  th e ir  in flu en ce  on 
th e  p o s i t io n  a n d  th e  s h a p e  o f  th e  in tc rv a le n c e  a b so rp tio n  barul 
a n d  th e  d e g re e  o f  d e lo c a liz a t io n  o f  th e  i t in e r a n t  e x tr a  electron is 
d if f e re n t  (s e e  T a b le  1). T h e  in c r e a s e  o f  a ll o f  th e s e  param cicrs
Table 1. The effects of double exchange, PKS and Piepho vibronic coupbni: 
on the shape and the position of the intervalence absorption band UAH' 
and the degree of delocalization of the itinerant extra electron.
I -  increase and D » decrease
compound [17] (compared with 880 cm“* at the previous siag^v
of consideration [15]).
Energy of the 
maximum of lAB
Width of 
lAB
Degree of
delocali/aiion
B (double exchange) 
V (PKS)
(Piepho)
D
1
I
I
D
I
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shifts position of the maximum of the intervalencc band to 
the high energy region but the bigger value o f the double 
exchange results in smaller band width while the growth of 
coupling parameters leads to broad band contour with the degree 
ot delocalization decreasing in the case of PKS vibrations and 
increasing for the Piepho vibrations.
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